Introduction {#Sec1}
============

Since its introduction in 1991 in clinical practice, laparoscopic colorectal surgery is growing in popularity \[[@CR1]\]. General benefits of the laparoscopic approach compared to open surgery include reduced blood loss, fewer adhesions, less pain, decreased risk of incisional hernia, shorter hospital stay, better cosmesis and a faster return to normal activities \[[@CR2]--[@CR5]\].

The majority of indications for laparoscopic colorectal surgery concern resections of the sigmoid colon for either cancer or diverticular disease. A number of multicentre randomised controlled trials have demonstrated equivalent outcomes for cancer compared with open surgery \[[@CR6]--[@CR8]\]. Recently, Lacy et al. reported a long-term survival benefit for laparoscopy-assisted colectomy for cancer compared with open colectomy \[[@CR9]\]. Laparoscopic resections for (post) diverticular disease were shown to be feasible as well \[[@CR10]--[@CR12]\]. Despite the feasibility and advantages of laparoscopic resection for diverticular disease, some experts have voted their concern that due to the inflammatory process, the technical skills are more demanding \[[@CR13]\]. This raises the question if the laparoscopic treatment of diverticular disease should be included in the initial training phase or not.

Implementation of the technique of laparoscopic colonic resection requires special training. The learning curve for laparoscopic colorectal resections is long with a reported range from 15 to 70 procedures \[[@CR14], [@CR15]\]. It is, therefore, important to be exposed to as many procedures as possible during the training phase. Both the American Society of Colon and Rectal Surgeons and the Society of American Gastrointestinal Endoscopic Surgeons state that at least 20 laparoscopic colorectal resections with an anastomosis for benign disease or metastatic cancer should be performed before using the technique to treat curable cancer \[[@CR16]\]. To start laparoscopic surgery with benign colon diseases is a save policy, although based on expert opinions only. Furthermore, it is not always clear whether these first operations are performed under strict direct supervision of an expert laparoscopist. The hypothesis in this study is that operating benign inflammatory disease and cancer under strict supervision is equally safe and improves exposure for the trainee and, therefore, probably speeds up the learning curve without jeopardising the patients.

This was assessed in a prospective case series. We analysed the outcome of laparoscopic recto-sigmoid resections for diverticular disease and for cancer.

Materials and methods {#Sec2}
=====================

All consecutive patients who received an elective laparoscopic colorectal resection from January 2003 through December 2007 in a large teaching hospital (Medical Center Leeuwarden) were prospectively entered into a web-based database and analysed. In this study, all patients with an elective laparoscopic recto-sigmoid resection for diverticular disease were compared with patients with the same elective resection for malignancy. There were no exclusion criteria for laparoscopy in both groups.

All operations were performed by residents or trainee surgeons who had performed less than 15 laparoscopic colorectal resections. All operations were directly supervised by one of four surgeons with an experience of at least 100 laparoscopic colorectal procedures at the time of the study.

The following data were collected: age, gender, body mass index (BMI), date of operation, date of discharge, operation team (resident, trainee or staff surgeon), the American Society of Anesthesiologists (ASA) classification, use of immunosuppressive medication, diabetes, previous laparotomy, malignancy, diverticular disease, stoma formation, blood loss, operation time, peroperative complications (bleeding, stapler problems, damage to adjacent organs, other), conversion (defined as an unplanned laparotomy or any incision extended longer than needed solely for extraction of the specimen), postoperative complications (anastomic leakage, cardiovascular, respiratory, other), radiological reintervention, relaparotomy, relaparoscopy, TNM stage in case of a malignancy and mortality within 30 days of the index operation.

Indications for elective surgery in diverticular disease were more than two episodes of diverticulitis, stenosis or fistula following diverticulitis. A recto-sigmoid carcinoma was defined as an adenocarcinoma found in a tumour at colonoscopy in the recto-sigmoid colon. The tumour should be projecting above the line between the pubic symphysis and the promontory as assessed by radiological studies.

We used the same standardised operation technique for both diverticular disease and malignancy. We prefer a standardised technique not only from an educational point of view but also because we think that operating in anatomical planes especially in inflammatory disease with infiltration will have less risk for damaging the ureter or other adjacent structures. We always apply ligation of circulation at the level of the superior rectal artery (low tie) just caudal of the left colic artery since this is anatomically less invasive with respect to circulation and preserves the autonomous nerves at the root of the inferior mesenteric artery which might be at risk when using a high tie. Oncologically, there is no difference in high or low tie resections \[[@CR17]\]. No preoperative selection of patients was performed, and all recto-sigmoid resections were started laparoscopically. Our laparoscopic technique has been previously described in detail \[[@CR18]\].

Statistical analysis {#Sec3}
--------------------

All data were entered into a database and analysed with SPSS statistical software (version 14.0 for Windows; SPSS, Chicago, IL, USA). Statistical analysis was performed using the Student's *t* test, chi-square test or Mann--Whitney *U* test to determine significant differences between groups. A *p*-value of ≤0.05 was considered statistically significant.

Results {#Sec4}
=======

From January 2003 through December 2007, a total of 256 consecutive patients received an elective laparoscopic recto-sigmoid resection. During this period, 151 patients were operated on for diverticular disease (group 1) and 105 for malignancy (group 2). See Table [1](#Tab1){ref-type="table"} for the patient characteristics for each group. Table 1Patient characteristicsDiverticular disease (*n* = 151)Malignancy (*n* = 105)*p*-valueTest valueDFBMI26 (SD 4.14)26 (SD 4.16)0.807^a^−0.245246Previous laparotomy55 (36.4%)29 (27.6%)0.140^b^2.1781Immunosuppressive medication7 (4.6%)5 (4.8%)0.963^b^0.0021Malnutrition5 (3.3%)6 (5.7%)0.351^b^0.8701Age58 (SD 13.07)66 (SD 11.29)\<0.001^a^−5.156254Gender male/female70/8168/370.004^b^8.4431Diabetes5 (3.3%)10 (9.5%)0.037^b^4.3331ASA 1--2 vs. ASA 3--4131 (86.8%): 20 (13.2%)68 (64.8%): 37 (35.2%)\<0.001^b^17.3081Data presented as mean and standard deviation (SD) or counts with percentage in brackets*DF* degrees of freedom^a^*t* test^b^Chi-square test

In the diverticular disease group, recurrent diverticulitis (56%), stenosis (40%) and fistula (4%) were the indications for surgery.

As shown in Table [2](#Tab2){ref-type="table"}, there were no significant differences between the groups in operation time, blood loss, conversion rates or hospital stay between the two groups. The odds ratio of conversion for diverticular disease versus malignancy was 0.86 (95% confidence interval, CI, 0.38--1.9). In the malignancy group, a median of 10 (range 2--49) lymph nodes was obtained for further analysis. Table 2Operative dataDiverticular disease (*n* = 151)Malignancy (*n* = 105)*p*-valueTest statistic valueDFOperation time168 min (86--450)172 min (95--360)0.277^a^−1.087NABlood loss189 ml (10--2,700)208 ml (10--1,500)0.197^a^−1.291NAConversion rate9.9%11.4%0.702^b^0.1471Hospital stay8 (2--65) days8 (3--75) days0.121^a^−1.551NAData presented as median and range or as percentage*DF* degrees of freedom, *NA* not applicable^a^Mann--Whitney *U* test^b^Chi-square test

Reasons for conversion are outlined in Table [3](#Tab3){ref-type="table"}. The most notable reasons were: adhesions, advanced disease and no visualisation of critical structures. The data on peroperative and postoperative complications are given in Tables [4](#Tab4){ref-type="table"} and [5](#Tab5){ref-type="table"}. The total number of peroperative complications did not differ between the two groups (group 1 2.3% vs. group 21.6%, odds ratio 1.04, 95% CI 0.29--3.8). In the diverticular group, the small bowel was damaged once during an open introduction making a small resection necessary. In five patients, a small serosal tear on the colon caused by the Babcock clamp was sutured during laparoscopy. The same complication occurred three times in the malignancy group and was treated in the same way. In the malignancy group, the left ureter was injured once. A double-J catheter was introduced and the ureter sutured using laparoscopy. Recovery afterwards was uneventful. Table 3Reason for conversion (*n* = 27 out of 256)Diverticular disease (*n* = 15)Malignancy (*n* = 12)Adhesions72Advanced disease04No visualisation of critical structures51Unable to mobilise colon11Poor exposure01Inadequate margins of resection01Other22Table 4Peroperative complicationsDiverticular disease (*n* = 151)Malignancy (*n* = 105)*p*-valueTest valueDFTotal peroperative complications6 (2.3%)4 (1.6%)0.947^a^0.041Damage to adjacent organ11NANANAOther preoperative complications53NANANA*DF* degrees of freedom, *NA* not applicable^a^Chi-square testTable 5Postoperative complicationsDiverticular disease (*n* = 151)Malignancy (*n* = 105)*p*-valueTest valueDFOdds ratio (95% CI)Total postoperative complications33 (21.9%)28 (26.9%)0.374^a^0.79010.77 (0.43--1.37)Cardiovascular2 (1.3%)00.236^a^1.4021Respiratory6 (4.0%)4 (3.8%)0.947^a^0.00411.05 (0.29--3.78)Anastomotic leakage6 (4.0%)11 (10.5%)0.040^a^4.22410.35 (0.13--0.99)Other18 (11.9%)11 (10.4%)0.543^a^0.37010.81 (0.42--1.58)Surgical reintervention8 (5.3%)14 (13.3%)0.024^a^5.04310.36 (0.15--0.90)Mortality1 (0.7%)2 (1.9%)0.364^a^0.82610.34 (0.03--3.83)*DF* degrees of freedom^a^Chi-square test

The total number of postoperative (minor and major) complications between group 1 and group 2 did not differ (Table [5](#Tab5){ref-type="table"}). However, the incidence of anastomotic leakage was significantly higher in the malignancy group (4.0% vs. 10.5%), leading to significantly more reinterventions in this group. However, stratified analysis showed that this result was due to confounding by ASA classification (Table [6](#Tab6){ref-type="table"}), which differed significantly between the groups. In both groups, no relaparoscopies could be performed due to postoperative distended intestines. Thus, open procedures were performed leading to a diverting ileostomy in five out of six patients in the diverticular group and in nine out of 11 in the malignancy group. Definitive end colostomies were created in the remaining three patients. Table 6Analysis of anastomotic leakage by stratified by ASA classificationDiverticular disease (*n* = 151)Malignancy (*n* = 105)*p*-valueTest valueDFOdds ratio (95% CI)ASA 1--22.3% (3/131)5.9% (4/68)0.192^a^1.70210.38 (0.08--1.73)ASA 3--415% (3/20)18.9% (7/37)0.710^a^0.13810.77 (0.17--3.31)*DF* degrees of freedom^a^Chi-square test

The other postoperative complications concerned mainly paralytic ileus, infections of the urinary tract and wound, which were all treated conservatively.

In the diverticular group, one patient died on the first day after surgery due to a myocardial infarction. Two patients died in the malignancy group: one patient following a cerebrovascular accident 10 days after surgery and the other patient due to anastomotic dehiscence, leading to abdominal sepsis and finally multi-organ failure.

Discussion {#Sec5}
==========

Laparoscopy has gained widespread acceptance in common surgical practice. The trend towards the introduction of laparoscopic colorectal surgery is a result of the increasing evidence which demonstrate the advantages of laparoscopy over open surgery including reduced blood loss, fewer adhesions, less pain, decreased risk of long-term incisional hernia formation, shorter hospital stay, better cosmesis and a faster return to normal activities \[[@CR2]--[@CR5]\]. Specific advantages of laparoscopy in colorectal surgery include also earlier return of bowel function, better pulmonary function and better quality of life.

Nevertheless, there is much concern about the implementation of this new technique, and some surgeons are reluctant to perform laparoscopic colorectal resections because of the learning curve \[[@CR14]\]. The Netherlands Health Care Inspectorate released a report on minimal invasive surgery in the Netherlands in November 2007 \[[@CR19]\]. They concluded that a qualitative and quantitative description of minimal invasive skills is not available in most hospitals in the Netherlands. Therefore, it may be helpful for surgeons who want to start a laparoscopic colonic resection program in their own hospital, after adequate training and certification, to find some guidelines that help to select which procedures should be learned first. In particular, some concern has been voiced in several articles because the inflammatory process of diverticular disease could make laparoscopic resection more difficult compared to resection for colorectal cancer \[[@CR12]--[@CR14], [@CR20]\]. However, this concern has not been supported by any data. The implementation phase might be unnecessary prolonged when laparoscopic resections for diverticular disease are not included in the learning phase. Stefanidis et al. \[[@CR21]\] investigated whether novices improved their ability to develop multitasking by accumulating experience on a simulated laparoscopic task. They found that those participants who had performed more repetitions during training had significantly better scores compared to those with fewer repetitions. Therefore, it seems reasonable to conclude that a larger number of laparoscopic recto-sigmoid resections performed in a specific period of time will lead to improved outcome in terms of surgical skills.

The hypothesis that laparoscopic recto-sigmoid resection for diverticular disease should be included in the implementation phase of laparoscopic colonic surgery was tested by comparing the results of our laparoscopic recto-sigmoid resections for diverticular disease with the same procedure for a malignancy with regard to longer operation time, more conversions, more blood loss and more postoperative complications for diverticular disease. The latter would support the concerns proposed that the elective laparoscopic resection of diverticular disease is more difficult than for a malignancy. Since all operations were performed by residents or surgeons at the beginning of their training, any difference in the two procedures should be demonstrated.

However, in this study, the data did not show any difference in operation time, blood loss or conversion rates. Our results were similar in both groups and are in agreement with results from other studies \[[@CR11], [@CR22]\]. Since there are no differences in outcome related to the disease or technique, this study confirms the hypothesis that diverticular disease can be performed as safely as laparoscopic recto-sigmoid resection for a malignancy.

The patients in the malignancy group were older than the diverticular disease patients, as cancer is more a disease of the elderly as compared to diverticular disease \[[@CR10]--[@CR12], [@CR20], [@CR23]\]. The increased age of the patients in the malignancy group explains that more patients with ASA 3--4 and diabetes were found in this group. Despite a higher risk profile in the malignancy group, no increase in overall postoperative complications was seen. However, anastomotic leakage, one of the most devastating postoperative complications in colorectal surgery, occurred significantly more often in the malignancy group (10.5% vs. 4.0%, *p* = 0.040). As a result, more surgical reinterventions (13.3% vs. 5.3%, *p* = 0.024) were recorded in the malignancy group. Further analysis stratified for ASA classification showed that the higher ASA classification in the malignancy group was the underlying determinant for the difference in anastomotic leakage between the two groups (Table [6](#Tab6){ref-type="table"}). ASA classification is known to be an independent risk factor for anastomotic leakage, as mentioned by previous authors \[[@CR24]--[@CR27]\].

One other study compared laparoscopic resection for diverticular disease with non-diverticular disease \[[@CR20]\]. Although these authors also conclude from their data that laparoscopic resection can be performed with acceptable morbidity and mortality for both diverticular disease and non-diverticular disease, the indications and therapies in the non-diverticular disease group were highly heterogeneous. To our knowledge, this study is the first to compare a standardised elective laparoscopic recto-sigmoid resection for diverticular disease with the identical procedure for malignancy.

In conclusion, we state that diverticular disease and cancer can be operated by laparoscopy equally safe early in the learning curve if operated under direct supervision. By operating on both cancer and diverticular disease, the surgeon will be exposed to more procedures in a shorter time, allowing a steeper learning curve and a shorter implementation phase.
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